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BELLCOMM, INC.  

SUBJECT: Desc r ip t ion  of S-I1 Stage 
Systems 

DATE: A p r i l  21, 1967 

FROM: T. H. Crowe ' 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

The purpose o f  t h i s  memorandum i s  t o  provide a 
d e s c r i p t i o n  of the 24-11 s t a g e  systems i n  s u f f i c i e n t  d e t a i l  
t o  enable  t h e  r e a d e r  t o  a s s e s s  t h e  impact of' major changes 
t o  t h e  s y s t e m s .  The a u t h o r  h a s  a t tempted t o  provide m a t e r i a l  
which r e f l e c t s  t h e  c o n f i g u r a t i o n  of  t h e  e a r l y  S-I1 s t a g e s .  

The systems d iscussed  i n  t h e  memo a r e :  

Engine Chilldown System 
P r o p e l l a n t  Feed System 
Frope i iani ;  Ma nagement Sys tem 
Stage  S e p a r a t i o n  System 
P r o p e l l a n t  Dispers ion  System 
F l i g h t  Cont ro l  System 
E l e c t r i c a l  Power System 

Ins t rumen ta t ion  System 
Radio Frequency System 
Condit ioning and Thermal C o n t r o l  System 
Leak De tec t ion  and Purge System 

E1ect-pIc.al C Q f i t - p O l  System 

A d e s c r i p t i o n  o f  t h e  s t r u c t u r e  i s  contained i n  t h e  
a u t h o r '  s memorandum, "Desc r ip t ion  o f  S - I1  S tage  S t r u c t u r e s "  
da ted  A p r i l  20, 1967. The J-2 engines  a r e  not  d i scussed  
a s  a system nor i s  t h e  Emergency De tec t ion  System. 

F igu re  1 i s  a l i n e  drawing of the s t a g e  showing 
t h e  l o c a t i o n  of some of  the major components of the systems. 

Engine Chilldown System 

-200OF k 50" p r i o r  t o  launch by c i r c u l a t i n g  co ld  helium through 
t h e  j a c k e t  from ground suppor t  equipment. The j a c k e t  i s  f u r t h e r  
c h i l l e d  down j u s t  p r i o r  t o  engine i g n i t i o n  by b l eed ing  LH2 from 
t h e  fuel t ank  through t h e  j a c k e t  overboard through the  t h r u s t  
chamber. 

The engine t h r u s t  chamber j a c k e t  i s  c h i l l e d  t o  



t 

BELLCOMM, I N C .  - 2 -  

Chilldown of LH2 and LOX engine  f eed  l i n e s ,  pumps 
and g a s  g e n e r a t o r s  i s  commenced p r i o r  to launch and c o n t i n u e s  
u n t i l  j u s t  b e f o r e  S-I1 i g n i t i o n .  

Chilldown of the LH2 systems i s  accomplished by 
pumping LH2 from the  LH2 tank  by a submerged pump through 
t h e  main f u e l  l i n e s ,  engine f u e l  pumps, gas  g e n e r a t o r  bleed 
va lves  and t h e n  back t o  t h e  tank .  F i g u r e  2 i s  a s k e t c h  of 
t h e  LH2 r e c i r c u l a t i o n  system. 

c i r c u l a t i n g  LOX from the  LOX t ank  through the  preva lves ,  
main LOX l i nes ,  engine LOX pump, g a s  g e n e r a t o r  b leed  v a l v e s  
alYld 4-L-m Lr\,,l- .&- 4-L- 4 - - - - 1 -  

u l I G l 1  u a G ; r r  I,U b i l e  ~ d i i ~ .  C i r c u l a t i o n  i s  by helium i n j e c t i o n  
from GSE r i o r  to launch and from a n  on-board t ank  a f t e r  
launch.  g i g u r e  3 i s  a ske tch  of t h e  LOX r e c i r c u l a t i o n  sys t em,  

Chilldown of t h e  LOX systems i s  accomplished by 

P r o p e l l a n t  Feed System 

The p r o p e l l a n t  feed s y s t e m  c o n s i s t s  of t he  pro-  

Figure 4 i s  a ske tch  of t he  p r o p e l l a n t  feed s y s -  
p e l l a n t  ~ ~ E ! c s ,  pressuri~atis~ systeiiis aiid t h e  eiigiiie feed 
s y s t e m s .  
t e m .  

The LOX t a n k  has  a c a p a c i t y  of 81,500 g a l l o n s .  
It i s  f i l l e d  and d ra ined  through a s i n g l e  l i n e  which a t t a c h e s  
t o  t h e  t a n k  a t  t h e  sump loca ted  a t  t h e  bottom of t he  tank .  
Maximum f i l l  r a t e  i s  4850-5150 g a l l o n s  p e r  minute. Maximum 
d r a i n  r a t e  i s  3300-3360 ga l l s ,n s  p e r  minutz.  

The LH2 t ank  has  a c a p a c i t y  of 266,000 g a l l o n s .  It 
i s  f i l l e d  and d ra ined  through a s i n g l e  l i n e  loca t ed  i n  t h e  
lower c y l i n d r i c a l  s e c t i o n  of the t ank .  Maximum f i l l  r a t e  i s  
9700-10,300 g a l l o n s  p e r  minute.  Maximum d r a i n  r a t e  i s  6600- 
6740 g a l l o n s  p e r  minute.  

The LOX t ank  i s  p r e s s u r i z e d  p r i o r  t o  launch wi th  
hel ium supp l i ed  by GSE and dur ing  S-IC boos t  and engine  
s t a r t  w i t h  helium from a 1.5 cubic  f o o t  sphere  mounted on 
the  t h r u s t  s t r u c t u r e .  During the S-I1 boos t  phase,  t h e  
LOX t a n k  i s  p r e s s u r i z e d  wi th  GOX ob ta ined  by pas s ing  LOX 
through a h e a t  exchanger loca t ed  i n  the LOX t u r b i n e  exhaus t  
l i n e  o f  each engine.  Tank vent  v a l v e s  a r e  provided t o  
c o n t r o l  maximum p r e s s u r e s  and t o  permi t  ven t ing  dur ing  LOX 
loading .  F i g u r e  5 i s  a ske tch  o f  t h e  LOX p r e s s u r i z a t i o n  system. 
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The LH tank i s  p r e s s u r i z e d  p r i o r  to launch wi th  2 
hel ium supp l i ed  by GSE and dur ing  S-IC boos t  and engine s t a r t  
w i t h  helium from two 6 cubic  f o o t  sphe res  l o c a t e d  on the  
forward s k i r t .  During S- I1  boos t ,  t h e  LH2 t a n k  i s  p r e s s u r i z e d  
wi th  gaseous H2 b l ed  o f f  from each engine a t  a p o i n t  between 
the t h r u s t  chamber c o o l i n g  s y s t e m  and t h e  i n j e c t o r .  Tank 
vent  va lves  a r e  provided t o  c o n t r o l  maximum p r e s s u r e  and t o  
p e r m i t  ven t ing  du r ing  LH2 loading.  F igu re  6 i s  a s k e t c h  of 
t h e  LH2 p r e s s u r i z a t i o n  sys t em.  

a r e  t h e  fo l lowing  f o r  each engine: LH2 f e e d  l i n e ,  LH2 preva lve ,  

pump, p r o p e l l a n t  u t i l i z a t i o n  va lve ,  main f u e l  va lve ,  main oxygen 
va lve ,  GH2 s t a r t  tank,  g a s  gene ra to r ,  boot s t r a p  v a l v e s  and 
p ip ing  f o r  LH2 and LOX, g a s  g e n e r a t o r  exhaust  p i p i n g  and va lves .  

The p r i n c i p a l  components of t h e  engine  feed system 

pJX feed  l a - - -  I L U ~ ,  izlii p reva ive ,  f u e l  turbo-pump, o x i d i z e r  tu rbo-  

LH2 feed l i n e s  a r e  rou ted  from t h e  bottom of t h e  
LH2 t a n k  t o  the f u e l  turbo-pump i n l e t .  
normally open emergency shut -of f  va lves ,  a r e  l o c a t e d  between 
t h e  t a n k  and t h e  pump. 
main f u e l  va lve  and from t h e r e  t o  a f u e l  manifold.  From t h e  
manifold i t  passes  through a x i a l  t ubes  which make up the  
t h r u s t  chamber and riozzle wa l l .  
a f t e r  i t  passes  through t h e  tubes  i s  GH2. 
L l l U I  fiqai-iif'olded I;= t h e  i n j e c t o r s .  

The p reva lves ,  

From the  pump t h e  LH2 f lows  t o  t h e  

The LH2 c o o l s  t h e  chamber and 
The GH2 i s  t h e n  

The LOX feed l i n e s  a r e  rou ted  from the  LOX t ank  
sump t o  t h e  i n l e t  of  t h e  o x i d i z e r  turbo-pump. The p reva lves ,  
normally open emergency shut -of f  va lves ,  a r e  l oca t ed  
between the  t ank  and t h e  pump. The p r o p e l l a n t  u t i l i z a t i o n  
v a l v e  i s  mounted o n  the  o u t l e t  of  t h e  pump. It i s  a motor 
d r i v e n  va lve  c o n t r o l l e d  by t h e  p r o p e l l a n t  u t i l i z a t i o n  system. 
Its purpose i s  t o  c o n t r o l  t h e  mixture  r a t i o  by bypassing LOX 
from t h e  pump o u t l e t  t o  t h e  pump i n l e t .  From t h e  pump t h e  
LOX f lows  to t h e  main oxygen va lve .  From the  main oxygen 
v a l v e  t h e  LOX flows t o  t h e  engine i n j e c t o r  manifold.  

A t  t h e  beginning of t h e  s t a r t  sequence t h e  f u e l  
turbo-pump i s  r o t a t e d  by b leeding  GH2 from the  precharged 
s t a r t  tank.  The exhaus t  from t h e  f u e l  turbo-pump i s  used to 
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d r i v e  the  o x i d i z e r  pump. A bypass va lve  between the  o x i d i z e r  
pump and the  f u e l  pump c o n t r o l s  t h e  r a t i o  of rpm between the  
pumps. A s  t h e  pumps b u i l d  up speed t h e  o u t l e t  p r e s s u r e  i n -  
c r e a s e s ,  and LOX and LH2 a r e  b l ed  off t h e  o u t l e t  s i d e  of 
t h e  pump to t he  g a s  gene ra to r .  
and the  s t a r t  tank i s  s h u t  off. The pumps a r e  t h e n  d r i v e n  by 
t h e  p roduc t s  o f  combustion of t he  g a s  g e n e r a t o r .  The exhaust  
o f  t h e  o x i d i z e r  pump passes through a h e a t  exchanger which 
c o n v e r t s  LOX t o  GOX for LOX t ank  p r e s s u r i z a t i o n .  The exhaus t  
g a s e s  t h e n  go to the  exhaust  manifold and from there overboard 
through the e n  i n e  t h r u s t  chamber. F igu re  '7 i s  a diagram of 
t he  engine  f e e 8  system. 
P r o p e l l a n t  Management Sy s tem 

'Yhe p r o p e l l a n t  management system provides  o u t p u t s  
for c o n t r o l  of p r o p e l l a n t  loading ,  monitor ing of' p r o p e l l a n t  
q u a n t i t i e s ,  maintenance of proper  mass r a t i o  du r ing  S - I1  
boos t ,  and p r o p e l l a n t  d e p l e t i o n  c u t o f f  s i g n a l .  Both con- 
t i n u o u s  l e v e l  and p o i n t  l e v e l  s e n s o r s  a r e  u t i l i z e d  i n  t h e  
system. 

The g a s  g e n e r a t o r  i s  i g n i t e d  

-. 

Figure  8 i s  a ske tch  of t h e  i n s t a l l a t i o n  of the  
c u r l i i r i u u u s  i e v e i  s e m u r  i n  iiie LE Lank and F igure  9 i s  a 2 
s k e t c h  of t h e  senso r  i t s e l f .  I n s t a l l a t i o n  of t h e  cont inuous  
l e v e l  s enso r  i n  t he  LOX tank i s  v e r t i c a l  nea r  t h e  c e n t e r l i n e  
of t h e  tank .  F igu re  10 i s  a s k e t c h  of t h e  p o i n t  s e n s o r  i n -  
s t a l l a t i o n  i n  t he  s t a g e .  These s e n s o r s  a r e  i n s t a l l e d  on a 
mast p a r a l l e l  to t h e  cont inuous senso r s ,  nea r  each LH2 feed 

l i n e  o u t l e t ,  and nea r  each LOX f eed  l i n e  o u t l e t .  

The cont inuous l e v e l  systems a r e  u s e d  to c o n t r o l  pro-  
p e l l a n t  loading ,  t o  provide  i n p u t s  t o  the  p r o p e l l a n t  u t i l i z a -  
t i o n  computer and to monitor p r o p e l l a n t  mass. 

The p o i n t  s enso r s  a r e  used to provide  a d i s c r e t e  
o v e r f i l l  s i g n a l ,  t o  provide  engine  c u t o f f  s i g n a l ,  ( two  o u t  
of f i v e  v o t i n g  l o g i c  from e i t h e r  t a n k  t r i g g e r s  t h e  s i g n a l )  
and f o r  p r o p e l l a n t  l e v e l  monitor ing.  F igu re  11 i s  a b lock  
diagram of t he  p r o p e l l a n t  u t i l i z a t i o n ,  loading  and mass i n d i -  
c a t i o n  sys t em.  

S t a g e  Sepayat ion  S y s t e m  

The S - I1  s t a g e  s e p a r a t i o n  i s  a d u a l  p lane  separa-  
t i o n .  The first s e p a r a t i o n  p l ane  i s  23 inches  forward of 
t h e  f i e l d  s p l i c e  between t h e  S-IC s t a g e  and t h e  S-I1 s t a g e .  
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The Second p lane  i s  a t  t h e  i n t e r f a c e  between t h e  a f t  i n t e r -  
s t a g e  and t h e  a f t  skirt. Mounted on t h e  a f t  i n t e r s t a g e ,  
forward o f  t h e  f i r s t  s e p a r a t i o n  p l a n e , a r e  e i g h t  u l l a g e  r o c k e t s  
which i n  combination w i t h  t h e  S-IC retro-rockets  provide t h e  
a c c e l e r a t i o n  necessary f o r  f i r s t  p lane  s e p a r a t i o n .  

The s t r u c t u r a l  j o i n t s  a t  t h e  s e p a r a t i o n  p l anes  a r e  
formed by t e n s i o n  t i e  s t r a p s .  Mounted over  t h e s e  s t r a p s  i s  
a l i n e a r  shaped charge (LSC) which i s  f i r e d  by an  exploding 
b r idge  wire  (EBW) d e t o n a t o r .  F igu re  12 shows t h e  s e p a r a t i o n  
p l ane  c o n s t r u c t i o n .  The u l l a g e  moto r  i g n i t i o n  charge i s  
d i s t r i b u t e d  to pyrogen i n i t i a t o r s  i n  each motor by a confined 
d e t o n a t i n g  f u s e  (CDF) t r a i n  which I s  i n i t i a t e d  by a n  E B W  
d e t o n a t o r .  The f i r i n g  c i r c u i t s  f o r  t h e  LSC and t h e  u l l a g e  
m=t=rs sre  redundant .  Figur~ 13 i ( ~ p i ~ t ~  c.iyci-1.it.s- 

Each u l l a g e  motor produces a t h r u s t  of  approximately 
22,800 pounds f o r  f o u r  seconds.  The motor nozz les  a r e  canted 
100 from t h e  s t a g e  c e n t e r  l i n e .  

The s e p a r a t i o n  sequence commences wi th  shutdown o f  
t h e  S-IC engines .  Following t h i s ,  a n  acce lerometer  a c t u a t e d  
s$~itc4.l f i r p s  t h e  i ~ l l a g ; ~  rnnhnrs when a c c e l e r a t i o n  had decreased 
to 0.5 g ' s .  Afte r  t h e  u l l a g e  motors have reach  f u l l  t h r u s t ,  
t h e  S-IC re t romotors  and t h e  f i r s t  p lane  LSC a r e  f i r e d .  When 
s e p a r a t i o n  between t h e  s t a g e s  i s  approximately 6 f e e t ,  the  
S- I1  s t a g e  J -2  engines  a r e  i g n i t e d .  Second p lane  s e p a r a t i o n  
occur s  a f t e r  t h e  englnes  have reached f u l l  t h r u s t .  Phys ica l  
s e p a r a t i o n  of t h e  i n t e r s t a g e  and t h e  S-IT occurs  a s  t h e  
r e s u l t  o f  S - I1  s t a g e  a c c e l e r a t i o n  and i m  ingement of  t h e  J -2  
e:l:ha:Jst on t h e  aft i n t e r s t a g e .  
sequence o f  t h e  s e p a r a t i o n .  

F igure  I! d e p i c t s  t h e  t i m e  

P r o p e l l a n t  D i spe r s ion  System 

The f u n c t i o n  of t h e  p r o p e l l a n t  d i s p e r s i o n  system i s  
t o  r u p t u r e  t h e  p r o p e l l a n t  tanks  when t h e  proper  command i s  
r ece ived  by t h e  d e s t r u c t  c o n t r o l l e r  from t h e  command d e s t r u c t  
r e c e i v e r .  The s y s t e m  permi ts  d i s p e r s a l  of p r o p e l l a n t s  p r i o r  
to impact i f  i t  i s  necessary f o r  t h e  Range Sa fe ty  O f f i c e r  to 
c u r t a i l  t h e  f l i g h t .  

The system c o n s i s t s  of t h e  command d e s t r u c t  r e c e i v e r s  
( d e s c r i b e d  wi th  the  RF sys tems) ,  c o n t r o l l e r s ,  e l e c t r o n i c  b r i d g e  
wire (EBW) f i r i n g  u n i t s  and d e t o n a t o r s ,  a s a f e  and arm device ,  
confined d e t o n a t i n g  f u s e  (CDF) i n i t i a t o r s  and l i n e a r  shaped 
charges  ( L S C ) .  
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The c o n t r o l l e r  i s  a d i s t r i b u t o r  for t h e  s i g n a l s  
from t h e  command d e s t r u c t  r e c e i v e r .  The d e s t r u c t  s i g n a l  
i s  routed  from t h e  c o n t r o l l e r  to t h e  E B W  f i r i n g  u n i t  and 
de tona to r .  The s y s t e m  i s  redundant up to t h e  s a f e  and arm 
device .  The s a f e  and arm device  i s  between t h e  EBW de tona to r  
and t h e  CDF. I n  t h e  s a f e  p o s i t i o n  i t  p h y s i c a l l y  b locks  t h e  
i n i t i a t i o n  shock wave from t h e  CDF. I n  t h e  arm p o s i t i o n ,  
t h e  shock wave i s  t r a n s f e r r e d  to t h e  CDF t r a i n .  The CDF 
i n i t i a t o r s  a r e  a l s o  connected to t he  i n i t i a t o r s  i n  t h e  S-IVB 
and S-IC s t a g e s  so t h a t  if any of  t h e  t h r e e  s t a g e s  have 
a c t i v a t e d  t h e  CDF, a c t i v a t i o n  w i l l  be propagated t o  t h e  o t h e r  
s t a g e s .  

The CDF t ra in ,when i n i t i a t e d ,  c u t s  a s l o t  i n  one 
sf the Ly2 tank  2nd GG the opposite side of' tile L(;X t a n k .  

The t r a i n  i s  loca ted  i n  t h e  systems t u n n e l  on t h e  LH2 tank and 
on t h e  a f t  s k i r t  s t r u c t u r e  j u s t  a f t  o f  t h e  b o l t i n g  r i n g  for 
t h e  LOX t a n k .  

A b lock diagram of t h e  system i s  g iven  i n  F igu re  15 
and a schematic i n  F igure  16. 

F l i g h t  Control  System 

The s t a g e  p o r t i o n  of  t h e  f l i g h t  c o n t r o l  system 
c o n s i s t s  of  t h e  5-2 engine gimbal a c t u a t o r s ,  two f o r  each 
of t h e  f o u r  outboard engines ,  and t h e  h y d r a u l i c  system t o  
d r i v e  the a c t u a t o r s ,  one f o r  each of t h e  four engines .  The 
e l e c t r o - h y d r a u l i c  s e rvo  va lves  which c o n t r o l  t h e  a c t u a t o r s  
r e c e i v e  p o s i t 3  on sigiza Is f rom t h e  i n s t r u n e n t  u n i t .  Feed- 
back for t h e  va lve  i t s e l f  i s  mechanical feedback of a c t u a t o r  
p i s t o n  p o s i t i o n  through a cam a c t u a t e d  mechanism t o  a t o r q u e  
summing device  on the se rvo  va lves .  A b lock  diagram of t h e  
F l i g h t  Control  System i s  g iven  i n  F igu re  17. 

The a c t u a t o r s  a r e  p i s t o n  t y p e ,  l i n e a r ,  double 
a c t i n g  u n i t s  capable  o f  d e l i v e r i n g  42,000 pounds of f o r c e  and 
o f  gimbali-ng t h e  engines  i n  a square  a t  8" p e r  second. 
The servo valve  i s  a p r o p o r t i o n a l  four-way,two-stage,  flow 
c o n t r o l  va lve  w i t h  t h e  r a t e  and d i r e c t i o n  o f  f l u i d  flow pro-  
p o r t i o n a l  t o  t h e  magnitude and d i r e c t i o n  of c u r r e n t  flow i n  
t h e  c o n t r o l  c o i l .  

Tlie hydrau l i c  system c o n s i s t s  of a main hydrau l i c  
pump d r i v e n  from t h e  LOX turbo-pump s h a f t ,  an  e l e c t r i c a l l y  
d r i v e n  a u x i l i a r y  pump, and an accumulator r e s e r v o i r .  The 
system i s  c losed  and i s  p re -p res su r i zed  by GN2 p r i o r  t o  
l i f t o f f .  

. 
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P r i o r  t o  l i f t - o f f  t h e  a u x i l i a r y  pumps a r e  u t i l i z e d  
to s t a b i l i z e  temperature  i n  the system and for checkout. 
The main pumps a r e  s t a r t e d  with t h e  LOX turbo-pump. A sche- 
mat ic  of t h e  hydrau l i c  system i s  g iven  i n  F igure  18. 

E l e c t r i c a l -  Power System 

The e l e c t r i c a l  power system c o n s i s t s  o f  t h r e e  
28-vol t  25-ampere hour b a t t e r i e s ,  one 28-vol t  35-ampere hour 
b a t t e r y ,  t h r e e  power t r a n s f e r  swi tches ,  an  i n s t r u m e n t a t i o n  
bus,  a main b u s ,  an  i g n i t i o n  bus,  a r e c i r c u l a t i o n  bus,  a 
h e a t e r  b u s  and a s s o c i a t e d  cabl ing .  A b lock  diagram of t h e  
system i s  g iven  i n  F igu re  19. 

The h a t t ~ r f e s  a r e  s i l v e r - z i n c  c e l l s  and employ 
potassium hydroxide a s  an e l e c t r o l y t e .  The power t r a n s f e r  
swi tches  (motor d r i v e n  make-before-break type )  t r a n s f e r  t h e  
power m u r c e  frorn ground su-,port e q u l p w n t  t o  t h e  cr?-board 
b a t t e r i e s ,  F igure  20 d e p i c t s  a t y p i c a l  b a t t e r y  bus system. 

E l e c t r i c a l  Cont ro l  System 

The e l e c t r i c a l  c o n t r o l  system c o n t r o l s  va r ious  
s t a g e  s y s t e m s .  Most of i t s  components, so l eno ids ,  swi t ches  
e t c . ,  a r e  i n t e g r a l  w i t h  t h e  r e l a t e d  mechanical systems. 
The systems c o n t r o l l e d  a r e :  

P r o p e l l a n t  feed s y s t e m  
P r o p e l l a n t  u t i l i z a t i o n  s y s t e m  
Rec i r c  u l a  t i o n  s y  s t em 
P r e s s u r i z a t i o n  system 
F l i g h t  c o n t r o l  system 
Engine systems 
P r o p e l l a n t  d e p l e t i o n  c u t o f f ,  

The e l e c t r i c a l  c o n t r o l  system r e c e i v e s  i n p u t s  from 
t h e  s t a g e  swi tch  s e l e c t o r ,  from GSE, and from var ious  s e n s o r s  
i n  t h e  mechanical systems.  It c o n t r o l s  t h e  opening and c l o s -  
i n g  of t h e  p r o p e l l a n t  f i l l  and d r a i n  va lves  and t h e  engine pre-  
va lves ,  t h e  s e t t i n g  of  t h e  p r o p e l l a n t  u t i l i z a t i o n  va lve ,  
s t a r t i n g  of t h e  LH2 r e c i r c u l a t i o n  pump, t h e  opening and c l o s -  
i n g  of r e c i r c u l a t i o n  va lves ,  t h e  f low o f  p r e s s u r i z i n g  gases  
to t h e  p r o p e l l a n t  tanks ,  engine s t a r t  and cutoff ' ,  and the 
hydrau l i c  systems. F igure  2 1  i s  a b lock  diagram of t h e  e l e c -  
t r i c a l  c o , n t r o l  system; . 

I 
s 
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I n s t r u m e n t a t i o n  S y s  tem 

The i n s t r u m e n t a t i o n  system i n c l u d e s  t r a n s d u c e r s  
and s i g n a l  c o n d i t i o n e r s .  It senses  v e h i c l e  performance 
parameters ,  c o n d i t i o n s  t h e  ou tpu t s ,  and f e e d s  t h e  s i g n a l s  
t o  t h e  t e l eme t ry  system. A t y p i c a l  f l i g h t  s t a g e  has i n  
excess  of 800 t r a n s d u c e r s  for i n - f l i g h t  measurements. 
Parameters measured inc lude  p r e s s u r e ,  temperature ,  f l o w ,  
v i b r a t i o n ,  no i se ,  s t a g e ,  a c c e l e r a t i o n  and f l u i d  l e v e l ,  

Radio  Frequency Systems 

The FG? systems inc lude  t h e  te lemet ry  systems and t h e  
Range Sa fe ty  Command system which provides  t h e  i n i t i a t e  s i g n a l  
f o r  t h e  p r o p e l l a n t  d i s p e r s a l  sys tem.  

The Range S a f e t y  Command system i s  a dua l  r e c e i v e r  
system o p e r a t i n g  i r ,  t h e  ' lOG-l !gO MC band. The antenna sys- 
tem i s  an omni -d i r ec t iona l  system c o n s i s t i n g  of  f o u r  l i n e a r  
cavi ty-backed slot antennas mounted f l u s h  t o  t h e  s k i n  of  t h e  
forward s k i r t  a t  90" i n t e r v a l s .  

The te lemet ry  system w i l l  vary from f l i g h t  t o  
f l i g h t  depending on requirements .  Avai lab le  a r e  PCM/FM, 
FM/FM, PAM/FM and SS/FM t r a n s m i t t e r s .  All o p e r a t e  i n  t h e  
225-260 MC band. The systems a r e  capable  o f  t r a n s m i t t i n g  
v a r j o u s  mul t ip lexed  combinations o f  cont inuous channels  and 
commutated channels .  The antenna system i s  s i m i l a r  t o  t h a t  
of t h e  Range Sa fe ty  Command system. Up t o  f o u r  t e l e m e t e r s  
can be mul t ip lexed  on one antenna system. When more t h a n  
f D u r  t r ansmTt te r s  a r e  c a r r i e d ,  a second nmni -cl i  r e c t i o n a l  
antenna system i s  added. F igure  22  i s  a block diagram of 
a t y p i c a l  s t a g e  RF system. 

Condit ioning and Thermal. C o n t r o l  Systems 

These systems c o n s i s t  of t h e  LH2 and LOX purging 
systems, LH2 t ank  p re -cond i t ion ing  system, thermal  c o n d i t i o n -  
i n g  f o r  v a r i o u s  equipment c o n t a i n e r s ,  and t h e  engine compart- 
ment c o n d i t i o n i n g  system. All a r e  a c t i v e  only du r ing  pre launch  
countdown. 

The LH2 and LOX t anks  and va r ious  plumbing and 
v - lves  a r e  purged dur ing  prelaunch checkout by gaseous 
helium or n i t r o g e n  p r i o r  t o  loading  of LOX or LH 
done t o  remove mois ture  and contaminants  from t h e  system. 

T h i s  i s  2' 
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I n  o r d e r  to minimize s t r u c t u r a l  stresses,  t h e  LH2 
tank i s  c h i l l e d  down t o  -50°F i n  t h e  v i c l n i t y  of t h e  b o l t i n g  
r i n g  b e f o r e  completing LOX loading  arid to -1600~ b e f o r e  
commencing I3I loading .  T h i s  i s  accomplished by GH2 supp l i ed  
from GSE. 

2 

Condit ioning and purging of t h e  engine compartment 
i s  accomplished by i n t r o d u c i n g  warm n i t r o g e n  from GSE i n t o  
t h e  area through a 13 inch  f eed  l i n e .  The n i t r o g e n  i s  d i s -  
t r i b u t e d  through a 10 i n c h  o r i f i c e d  manifold and escapes  
through vent  h o l e s  i n  t h e  s k i n  of t he  a f t  s k i r t  and a f t  
i n t e r s t a g e .  F igu re  23  i s  a ske tch  of t he  sys t em.  

The t h e r m l  c ~ ~ d i t i ~ ~ i ~ g  ~ y s t e ~  malntaii-is tempeica- 
t u r e  c o n t r o l  of t h e  v a r i o u s  equipment c o n t a i n e r s  i n  t h e  engine 
compartment and t h e  forward s k i r t  volume. P r i o r  to cryogenic  
igdding,  a corltIrluous flow of  ambient a i r  i s  provided from 
GSE to a d i s t r i b u t i o n  manifold and through t h e  c o n t a i n e r s .  
After cryogenic  loading ,  warm n i t r o g e n  i s  provided.  F igu re  
24  _is a s k e t c h  of t he  s y s t e m  for equipment c o n t a i n e r s  i n  t h e  
engine  compartment. F igu re  25 i s  a s k e t c h  of a t y p i c a l  
r 3 nt. a. i_ fie ?? . 
Leak De tec t ion  and Purge Systems 

The l e a k  d e t e c t i o n  and purge s y s t e m  i s  used  du r ing  
pre launch  countdown to v e r i f y  t h e  i n t e g r i t y  of t h e  LH2 tank,  
i n s u l a t i o n  on t h e  LH2 tank, i n c l u d i n g  the  s i d e w a l l s ,  common 
bulkhead and forward bulkhead, si ld seals aiid j o i n t s  i n  t h e  
LH and LOX sys t ems .  The system i s  a l s o  u t i l i z e d  to purge 
leakage of hydrogen f r o m  t h e  s t a g e  sys t ems  o r  a i r  from t h e  
atmosphere which might cause exp los ive  c o n d i t i o n s  or d e t e r i -  
o ra tLon o f  t h e  i n s u l a t i o n .  The system j-ncludes a n  evacua t ion  
mode which i s  used cont inuous ly  du r ing  de tanking  o p e r a t i o n s  
to prevent  p r e s s u r e  bui ldup  of ent raped  gases  i n  the  c o r e  o f  
t h e  common bulkhead o r  i n  t h e  LH2 t ank  i n s u l a t i o n .  

I n  t h e  purge mode, g a s w u s  helium i s  c i r c u l a t e d  i n  
s u f f i c i e n t  q u a n t i t y  to purge or d i l u t e  leakage  which may 
occur  from t h e  p r o p e l l a n t  s y s t e m s  or from t h e  atmosphere 
through the i n s u l a t i o n .  I n  t h e  l e a k  d e t e c t i o n  mode, gaseous 
n i t r o g e n  i s  c i r c u l a t e d  through t h e  s y s t e m  and samples a r e  
b l e d  off to a g a s  ana lyze r .  If d e t e c t a b l e  q u a n t i t i e s  of 
hydrogen, oxygen or a4r  appear  i n  the  sample, t h e  a r e a  which 
i s  l eak ing  can  be i s o l a t e d  by us ing  v a r i o u s  combinations o f  
v a l v e  s e t t i n g s ,  F igu re  26 i s  a b lock  diagram of t h e  s y s t e m .  

2 
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Figure  27 i s  a ske tch  of  t h e  p o r t i o n  o f  t h e  
system used f o r  t h e  LH2 tank  s i d e w a l l  i n s u l a t i o n .  F igu re  28 
i s  a ske tch  of t h e  p o r t i o n  o f  t h e  s y s t e m  used for t h e  common 
bulkhead. F igu re  29 i s  a ske tch  o f  a t y p i c a l  implementat ion 
o f  t h e  s y s t e m  f o r  f l a n g e s  and s e a l s .  There a r e  432 o f  t h e s e  
j o i n t s  on each s t a g e .  

1024-THC- j v d  T.  H. Crowe 
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